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Abstract. In this work, the effects of sol-gel derived 5254.6 bioactive glass on
bioactivity of calcium phosphate ceramics was studied. It was found that
additive enhance apatite forming ability of ceramics in SBE, active release of
calcium cations in PBS, indicating bioresorptivity, does not cause deviation of
the pH of PBS. Therefore further research is needed for synthesized ceramics to
its in vivo application.

Annomayus. B nacmosiuyeii pabome uzydeno Guusnue OUOAKmueHo20 Cmexkid
5284.6, nonyyenHoco ¢ nomMoublo 3016-2€ib MEXHON02UU, HA OUOAKIMUBHOCTDb
Kanvyuii-ghochamnoti  kepamuxu. Vemanogneno, umo 006aska ycuiusaem
anamumooopazyiowyio cnocobnocms kepamuxku 6 SBF-pacmeope, axmugno
8b1C8000JICOaem Kamuonvl kaivyus 6 PBS-pacmeop, umo ceuoemenvcmeyem o
ouopezopomusnocmu, He gvizvigaem  usmenenuss pH PBS-pacmeopa.
Cieoosameviio, HeoOX00uMbl OdIbHeluue UCCAe008ANHUSI CUHMESUPOBAHHOT
Kepamuku OJisl ee npumeHenust in vivo.

Calcium phosphate ceramics has been widely used for bone substitution
because of non-toxicity, excellent bioactivity, resorbability, biocompatibility
[1,2].

The aim of our work is development of compositions and technological
parameters for the production of calcium phosphate porous ceramics with
improved mechanical properties using of 3D printing.

To prepare of slurry for 3D printing hydroxyapatite was synthesized by
aqueous precipitation. And moreover, sol-gel derived 5254.6 bioactive glass
was used as an additive. Before reaching the gel point, the sol was mixed with
hydroxyapatite. The amount of additives was 10.0-30.0 wt.%. The printed
samples were dried at 5070 °C for 24 h and fired at 900—1200 °C for 8 h.
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SECTION 1. INDUSTRIAL TECHNOLOGIES AND EQUIPMENT

Previous research has shown that sample containing 10 wt.% of the sol-
additive had optimal physicochemical properties: water absorption - 6.1-33.1%;
apparent porosity - 49.1-14.3 %; bulk density - 1480-2340 kg/m3; compressive
strength - 10.2-44.9 MPa. Phase composition of synthesized ceramics -
hydroxyapatite and P-tricalcium phosphate.

As it is known, materials for bone substitution should produce apatite on its
surface in the living body and bonds to living bone through this apatite layer [3].
The apatite forming ability of composition optimized ceramics was investigated
by examining apatite formation on the surface of the samples treated in
simulated body fluid (SBF). The samples were weighed, placed in plastic
containers containing 100 cm3 of SBF and kept for 1-21 days at 37 °C in the
TS-1/20 thermostat.

Figure 1 shows the weight gain of the samples after immersion in SBF
solution. The heat treatment temperature and the composition of the samples
affect the rate of apatite formation. The apatite layer formed on the surface of
ceramics sintered without additive only at a temperature of 900 °C, which may
be due to phase structure of obtained material. As the firing temperature
increases, the amount of P-Cas3(POas)2 increases. The experimental results
demonstrated that, during soaking in SBF, the specimens obtained using sol-
additive at 900 °C dissolved. However, samples containing sol-additive and
firing at 1200 °C enhanced the rate of mineralization. This is due to the fact that
the apatite forming ability depends on hydroxyapatite / P-tricalcium phosphate
ratio. The weight gain of samples after immersion in SBF solution for 21 days
was 3.5 %.
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Figure 1- Weight gain of samples after immersion in SBF solution
To study behavior in a phosphate-buffered saline (PBS) (pH = 7.4), weighed

samples were placed in specified solution for 1-21 days at 36.6 °C.
Complexometric titration and X-ray fluorescence spectrometry (AXios,
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PANalytical, Netherlands) were used to find the total calcium ion content of
PBS solution (figure 2).
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Figure 2 - Concentration of calcium ions in solution
after immersion of samples

Ceramic samples with sol-additive showed a pronounced loss of weight and
active release of calcium cations, which confirms their ability to bioresorb. The
rate of ceramics resorption varied from 0,9104to 3,710-4 g/day depending on
the firing temperature.

A significant deviation ofthe pH from a neutral value, both towards increased
alkalinity and towards acidity, negatively affects the viability of tissues and
limits the possibility of using the material in direct contact with them inside the
body.

Figure 3 illustrates that ceramics synthesized at 900 °C displayed highly
alkaline pH. In contrast, specimens firing at 1200 °C exhibited weakly alkaline
medium throughout all the experimental intervals.
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Figure 3 - Change of pH of solution after immersion of samples
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Thus, the synthesized calcium phosphate ceramics can be recommended for
further medical research in order to study the possibility of their use in bone

surgery.

References

1. Bioactive calcium phosphate materials and applications in bone
regeneration/ J. Jeong [et al.] // Biomaterials Research. —2019. — Vol. 23. —
P. 1-11. https://doi.org/10.1186/s40824-018-0149-3.

2. Synthesis and properties of Sr?* doping o-tricalcium phosphate at low
temperature / Z. Yuan [et al.] / Journal of Applied Biomaterials &
Functional Materials. — 2021. — Vol. 19. — P. 1-8. https://do1.org/10.1177/
228080002,

3. Tadashi, K. How useful is SBF in predicting in vivo bone bioactivity? /
K. Tadashi // Biomaterials. — 2006. — Vol. 27. — P. 2907-2915.
https://doi.org/10.1016/j.biomaterials.2006.01.017.

Vitebsk 2024 4


https://doi.org/10.1186/s40824-018-0149-3
https://doi.org/10.1177/
https://doi.org/10.1016/j.biomaterials.2006.01.017

